OBJECTIVE: The aim of the present study is to conduct a comparative analysis of oral actinic cheilitis and squamous cell carcinomas by immunohistochemical analysis. METHODS: This cross-sectional study utilizes a convenience sample obtained from the archives of an oral pathology laboratory from a higher education institution. Tissue sections from patients diagnosed with actinic cheilitis and carcinoma were immunohistochemically analyzed using monoclonal antibodies specific for smooth muscle alpha actin (SMA) and neuron-glial antigen 2 (NG2). Individual cells that stained positive for these proteins were counted in specific fields by means of histomorphometry. RESUlTS: Subsequent statistical analysis revealed a higher number of NG2-positive when compared with SMA-positive cells in both lesion types (p = 0.005) and these cells were located adjacent to blood vessels. The differences between normal oral mucosa, severe dysplasia, and carcinoma specimens were statistically significant (p = 0.009; p = 0.006). CONClUSION: These data strongly suggest that increased expression of NG2-and SMA-positive cells is associated with formation of blood capillaries, highlighting the importance of angiogenesis in tumor progression.
Immunohistochemical expression of pericytes and myofibroblasts in the extracellular matrix of oral actinic cheilitis and squamous cell carcinoma: a comparative study bACKgROUnd Actinic cheilitis (AC) is a precancerous lesion that can progress into oral squamous cell carcinoma, the most common form of oral cancer, contributing to 95% of all oral malignancies. Mainly associated with chronic exposure to sunlight or artificial ultraviolet radiation, cheilitis is located on the lower lip, with a higher prevalence in men with leukoderma. The most affected age group corresponds to the 5 th decade of life [1] . Although solar radiation is the main risk factor for cheilitis on the lip, other factors, such as smoking, excessive consumption of alcohol, sexually transmitted diseases, ethnicity, genetic and family predisposition, immunosuppressive state, malnutrition and socioeconomic status may also contribute to the development of such lesions [2] .
From a clinical point of view, cheilitis is characterized by atrophy of the red edge of the lower lip, accompanied by a flat surface and pale areas with eruptions, which may sometimes show flaking. Histologically, there are several grades of epithelial dysplasia, which is diagnosed when ≥ 2 of the following characteristics are visible in tissue sections affected by the lesion: the presence or absence of irregular epithelial stratification, basal layer hyperplasias, drop-shaped rete ridges, loss of basal cell polarity, increase of the nucleus/cytoplasm ratio, nuclear polymorphism, increase in the size of nucleoli, nuclear hyperchromatism, reduced intercellular adhesion, suprabasal mitosis and dyskeratosis [3] . The classification of epithelial dysplasia is considered light when 2 of the above characteristics are present; moderate, when 3 to 4 changes are present; and severe, when ≥ 5 of these histological findings are present, accompanied by lamina propria invasion [4, 5] .
The malignant progression of this precancerous lesion involves complex interactions between dysplastic cells and the stroma, which undergoes changes during the progression to malignant neoplasia. In squamous cell carcinoma, it is common to see neoplastic cell islands invading the connective tissue, characterized by the presence of pleomorphic cells with clear nuclear hyperchromatism [5] . Corneal keratinization may be observed occasionally.
Changes in the extracellular matrix and the presence of myofibroblasts and pericytes appear to influence the invasion and metastasis processes that characterize oral malignant tumors [6] . Myofibroblasts are specialized mesenchymal cells with properties similar to those of smooth muscle cells and fibroblasts. They are expressed in physiological or pathological conditions as part of the host response to invasion of the tissue. Despite the large body of research that investigated the presence of myofibroblasts in the stroma of squamous cell carcinoma in the oral cavity, there is a dearth of studies describing the involvement of these cells in precancerous lesions. We used immunohistochemical analysis with the anti-smooth muscle alpha-actin (SMA) antibody, known to be a marker for myofibroblasts and pericytes, in order to evaluate the participation of these cells in the context of a dysplastic lesion, particularly in the development of desmoplasia, which is frequently observed in the stroma of malignant tumors [6] .
In addition to SMA, the neuron-glial antigen 2 (NG2) monoclonal antibody has been used to identify changes in the tumor stroma, particularly to detect the presence of pericytes associated with new blood capillaries (angiogenesis), and myofibroblasts dispersed in the connective matrix [7] . Pericytes are cells that influence the stability of blood vessels, through extracellular matrix deposition and the activation or production of molecules that promote cell differentiation or endothelial quiescence [7, 8] . Their biological role in dysplastic lesions, such as AC, remains to be elucidated. We believe that pericytes may contribute to malignant neoplastic progression and promote tumor metastasis by increasing the permeability of the blood vessels. Moreover, the literature on this subject indicates that pericytes may be a precursor of myofibroblasts, and are stem cells that are capable of differentiating into different cell lineages [9, 10] .
Thus, this study aims to comparatively evaluate the presence of pericytes and myofibroblasts in oral squamous cell carcinoma and epithelial dysplasia (actinic cheilitis) through the immunohistochemical analysis of SMA and NG2 proteins.
MEthOds

Ethics Committee
The study was submitted to and approved by the Human Research Ethics Committee protocol No. 16962113.1.0000.5544.
Case selection
Seventeen associated cases of AC and squamous cell carcinoma of the lip were selected from the oral pathology laboratory of a private University. All these cases originated from surgical specimens of lower lip resection. The anatomopathological diagnosis of tissue sections stained with hematoxylin-eosin (HE) was reviewed and confirmed by two experienced pathologists.
Eight specimens of normal oral mucosa were collected from randomly selected patients (control group) who exhibited retention and mucus extravasation in order to observe the immunohistochemical pattern of antibodies in subepithelial lamina propria of normal lip.
Histopathological analysis
The histological criteria for diagnosis of epithelial dysplasia, as defined by the World Health Organization (WHO), 1978, were observed in AC lesions [11] and the severity of dysplasia was determined by following the guidelines established by Bánóczy and Csiba, 1976 [4] .
The histological evaluation of squamous cell carcinoma of the lip was performed according to the malignancy grading system recommended by the WHO, 2005 [12] , which stratifies tumors as poorly, moderately, and welldifferentiated.
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Immunohistochemical procedures
Paraffin-embedded tumor samples were cut into 4 µm thick tissue sections, which were mounted on glass slides that had been pre-treated with 3-aminopropyltriethoxysilane (Sigma Aldrich, St. Louis -USA).
The immunohistochemical protocol utilized the streptavidin-biotin (SAB)-peroxidase complex to detect the presence of the target protein; the following monoclonal primary antibodies were used: anti-SMA (1:200) (Dakocytomation, Denmark) and anti-chondroitin sulfate proteoglycan/neuron-glial antigen 2 (NG2) (1:200) (Millipore, California, USA). Histological sections were deparaffinized in sequential baths with xylene, acetone, ethanol (absolute, 95%, 70%, 50%, 30%), and distilled water at room temperature. Next, antigen retrieval was performed using citrate buffer (pH 6.0), followed by blocking for nonspecific binding (10% skim milk), then incubated overnight at 4 °C with primary antibody. The secondary antibodies used followed the guidelines of the SAB-peroxidase kit (DAKO Corporation, USA) and developing was performed using DAB (Dako Corporation, USA) with 30% hydrogen peroxide. The slides were counterstained with Harris' hematoxylin and mounted under a cover slip with Canada balsam for morphological and quantitative analysis. Previously resected human liver sections were used as positive-or negative-controls, based on the inclusion or omission of the primary antibodies, respectively.
Histomorphometry
The quantitative study of cells that showed positive staining for smooth muscle alpha-actin and NG2 was performed using the Motic Images Advanced 3.0 ® software (Motic China Group CO. LTD). Before using the program, the calibration for each variable was checked with a standard image that was based on a calibration slide provided by the manufacturer. Sections of normal, dysplastic, and cancerous tissues were carefully examined in 4 random fields of 0.1 mm 2 . Next, each area was photographed at 40X magnification and saved in JPEG format.
Cells that stained positive for SMA and NG2 and were present exclusively in the connective tissue stroma in the normal, dysplastic, and neoplastic sections of the oral mucosa were quantified. Only perivascular cells and those individually dispersed in the extracellular matrix that showed a positive staining pattern were included in the morphometric analysis. The results were tabulated in an Excel spreadsheet. All analyses were conducted by the same blinded examiner to avoid bias.
Statistical analysis
Because of the non-normal distribution of data, the Kruskal-Wallis test was used followed by the Mann-Whitney test, and Fisher exact test with Bonferroni correction. The medians and their respective interquartile ranges were calculated. The significance level for the study was 5% (p < 0.05).
REsUlts
Lesions were classified by histological level according to the anatomopathological study of the tissue sections stained with hematoxylin-eosin from dysplasia (cheilitis) and carcinoma. Of the 17 dysplasia specimens, 3 (17.6%) were classified as light, 9 (52.9%) as moderate, and 5 (29.4%) as severe. Based on the histological dysplastic changes, irregular epithelial stratification was found to be the most common atypia, followed by nuclear hyperchromatism, drop-shaped rete ridges and basal layer hyperplasia. With regard to the carcinoma classification, 14 (82.3%) were welldifferentiated, and 3 (17.6%) were moderately differentiated. None of the specimens showed non-differentiated squamous cell carcinoma.
The immunohistochemical staining pattern appeared more intense in the tissue sections treated with anti-SMA, than those treated with NG2 antibody, where staining was more diffuse.
In tissue sections from normal mucosa (control), a similar staining pattern was observed for cells that stained positive for SMA and NG2 (p > 0.05) ( Table 1 ). In general, the tissue sections derived from dysplastic lesions showed a higher number of NG2-positive cells (p < 0.05) irrespective of their degree of categorization; these cells were located adjacent to the endothelial lining of small vessels. This finding was statistically significant when compared to the number of SMA-positive cells (p = 0.001) (Figure 1) ( Table 1) . The oral squamous cell carcinoma showed a higher number of NG2-positive cells when compared to SMA-positive cells, with a statistically significant difference (p = 0.005) ( Table 1) . Numerous blood capillaries and small arterioles were observed adjacent to the islands and nests of neoplastic cells, exhibiting central corneal keratinization (Figure 2) .
In oral squamous cell carcinoma there were more NG2-positive than SMA-positive cells, with a statistically significant difference (p = 0.005) ( Table 1) . Numerous blood capillaries and small arterioles were observed adjacent to the islands and nests of neoplastic cells, exhibiting central corneal keratinization (Figure 2) . Table 2 compares the number of SMA-positive and NG2-positive cells among the different lesion types under study. We observed that, although there were progressively more SMA-positive cells in the lesions than the control, this difference was not statistically significant (p > 0.05). The greater number of NG2-positive cells were present in the severe dysplasia specimens (p = 0.009). This lesion exhibited cytoplasmic expression of NG2, and cells were primarily located at the periphery of small blood vessels (Figure 3 ). There were no statistically significant differences between the different degrees of dysplasia. The carcinoma specimens exhibited a significant difference in the number of NG2-positive cells present in the normal oral mucosa and in the moderately differentiated carcinoma (p = 0.006). 
dIsCUssIOn
According to one study, AC is very common in Brazil, owing to the population's high-exposure to solar radiation, especially those employed in outdoor activities for long periods of time, such as farmers, fishermen and construction workers [13] .
AC is a potentially malignant lesion that is associated with chronic sun exposure. The cumulative effect of solar radiation on human tissues explains why AC is more prevalent in older individuals [14] .
It is well-known that melanin provides added protection to the skin from sunlight. Thus, AC is rare in individuals with high levels of melanin pigmentation [15] . Moreover, it is found more frequently in men, as women have additional protection through the use of lipstick with sun protection factor [16] .
As the lower lip occupies a more prominent anatomical position on the face than the upper lip, it receives higher exposure to solar radiation. Consequently, AC is more prevalent in the lower lip [17] .
Therefore, this study aimed to compare the presence of SMA-positive and NG2-positive cells in precancerous lesions and squamous cell carcinoma, in order to better understand the contribution myofibroblasts and pericytes in neoplastic progression. Although the ultimate identification of these cells can only be effectively confirmed through transmission electron microscopy, some authors have used immunohistochemistry for the analysis of these cellular elements [18, 19] .
A total of 17 cases of squamous cell carcinoma of the lip associated with AC were analyzed in this study. In 1981, other authors described AC as a malignant lesion capable of developing a malignant phenotype [8] . In other study one author also correlated cases of epithelial dysplasia and squamous cell carcinoma in a cohort of 41 patients [3] . Although our study sample was smaller, it enabled the morphometric analysis and statistically significant data were obtained.
It is well-known that there is a high degree of variation in epithelial dysplasia observed in the oral mucosa of patients with AC, and this can be determined by the number and type of histological changes present in the lesion's microenvironment. Others authors studied 35 cases of AC and observed that 17, 13 and 5 patients showed light, moderate, and severe dysplasia, respectively [20] . In the present study, we observed that, when present, epithelial dysplasia ranged from light to severe; only 2 cases showed no histological changes, which are characteristic of atypia. Despite the existence of different grading systems for epithelial dysplasia, studies should consider the examiner's subjectivity as a relevant variable. As a result, the classification of Banoczy and Csiba and the analysis of the histological sections by 2 previously calibrated pathologists were adopted [4] .
Of the histological dysplasia changes observed in this study, irregular epithelial stratification was the most common atypia, followed by nuclear hyperchromatism, drop-shaped rete ridges, and basal layer hyperplasia. However, other authors reported loss of basal cell polarity and nuclear hyperchromatism as the most frequently described atypia in dysplastic lesions in their studies, followed by nuclear polymorphism, and drop-shaped rete ridges [21] . Most cases of lip squamous cell carcinoma were well differentiated. This result might be explained by the fact that lesions that affect the lip are generally well differentiated [22] .
Many authors have described myofibroblast involvement in the tumor's progression [23, 24] . It has long been believed that these cells originated from pre-existing fibroblasts [25] .
In an immunohistochemical and ultrastructural study, other authors demonstrated that such cells can originate from the differentiation of pericytes, as both myofibroblasts and pericytes share the same immunohistochemical staining pattern for SMA and NG2 antibodies [7] . The impact of myofibroblasts in tumor progression can be attributed to the collagen biosynthesis by these cells, a fact that would greatly contribute to the establishment of desmoplasia in the tumor's extracellular matrix. Some studies suggest that, in addition to their contractile property, myofibroblasts may interfere with the degree of neoplastic tissue elasticity, and clinically show tumor retraction [26, 27] .
Although it was not the primary objective of this study, angiogenesis is extremely important in cancer progression, because the capillaries that usually form during neoplasm development are unstable and their inherent permeability promotes tumor metastasis [28] . In addition to the active participation of endothelial cells in this context, pericytes are derived from the mesenchymal lineage of smooth muscle cells, which exist as individual cells that share the basal membrane of blood vessels with endothelial cells [29] . The pericytes make focal contacts with the endothelium via specialized junctions and long cytoplasmic extensions that extend and surround the endothelial tube. Furthermore, these cells influence the stability of the vessel through matrix deposition and/or release and activation of signals that promote differentiation and quiescence of endothelial cells [6, 30] . In addition to the aforementioned biological actions, new studies have suggested an additional role for pericytes. These cells may have pluripotent cell characteristics, thereby constituting an important "cell reservoir". Although the plasticity of pericytes has not yet been extensively studied, there are reports on their potential to differentiate into osteoblasts, chondrocytes, fibroblasts, leiomyocytes and adipocytes [9, 31] . In this study, immunohistochemical analysis showed that the vast majority of SMA-positive and NG2-positive cells were located in the endothelial lining wall, confirming that they were pericytes. These data suggest that pericytes may contribute to the tumor's progression, by making the newly formed blood vessels more permeable and promoting the hematogenous dissemination of cancer cells.
Other authors immunohistochemically analyzed the presence of myofibroblasts in the extracellular matrix of normal oral mucosa and failed to detect any myofibroblasts in the 10 samples studied [32] . In this study, a similar staining pattern was observed for SMA and NG2-positive cells (p > 0.05) in 8 tissue sections from normal oral mucosa (control); this represents the physiological vascular distribution, which helps to identify the pericytes. In these samples, NG2 and SMA-positive cells were exclusively observed in the region adjacent to the wall of blood capillaries and arterioles.
When normal oral mucosa progresses towards malignancy, lesions such as leukoplakia, erythroplakia and actinic cheilitis begin to display varying degrees of dysplasia. According to one study, myofibroblasts are usually not observed on the lamina propria during dysplastic changes associated with leukoplakia; significant numbers of these cell types are thought to be closely associated with the metastasis of the underlying connective tissue [23] . In this study, although dysplastic lesions were found to have been associated with AC, SMA-positive cells were present on the lamina propria underlying the epithelial tissue of the vessel wall (p > 0.05). No isolated SMA or NG2-positive cells were observed in the connective tissue located farther from the epithelium that might be considered as myofibroblasts. This finding suggests that neovascularization is the most significant phenomenon for neoplastic progression, as these SMA and NG2-positive cells represent pericytes. Moreover, these cells were located in the vessel wall and shared the basal lamina of the endothelial cells. The location of pericytes in dysplastic lesions may be related to the pathological neovascularization [33] .
The presence of myofibroblasts appears to be less common in the tumor stroma of carcinomas, whereas cells with pericyte characteristics are more frequent in the stroma associated with dysplasia and carcinomas. Other authors investigated the expression of myofibroblasts in the neoplastic invasion of squamous cell carcinoma [27] ; they observed that SMA-positive cells located adjacent to vessels and budding capillaries, similar to pericytes. Both cases presented by the authors were of highlyaggressive carcinomas that were intensely vascularized. The morphometric analysis of oral squamous cell carcinoma lesions revealed that SMA-positive cells were only visible in the region adjacent to arterioles and budding capillaries, indicating that these cells were pericytes. However, the differences between the control group and the different dysplasia samples were not statistically significant (p > 0.05).
COnClUsIOn
The results of this study suggest that the pericyte is the key cellular element responsible for neoplastic progression. Although this study was not focused on angiogenesis, the increased expression of NG2 and SMA-positive cells associated with blood capillaries highlights the relevance of this biological process in the context of tumor progression. We propose that these pericytes may act through a signaling pathway to stimulate neoplastic cells and induce marked changes in the stroma, so as to biomodulate the metastasis process. Notably, these cells differentiate into myofibroblasts and produce larger amounts of collagen, which characterizes desmoplasia.
